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Introduction 
 

The purpose of the traffic analysis is to determine the impacts of development planned for the 
Vacuum Oil BOA (Brownfield Opportunity Area) in the City of Rochester. The level of BOA 
development is expected to have an impact on the following corridors: 
 

�x Plymouth Avenue from Ford Street to Barton Street 
�x Exchange Street from Ford Street to Magnolia Street 

 
The following systematic procedure was used: 
 

1. Obtain roadway geometrics, observe traffic operations and obtain Synchro models from 
the Monroe County Department of Transportation (MCDOT). 

2. Obtain turning movement counts at intersections.  The counts were conducted on Monday, 
November 10th, 2014. Determine the existing weekday AM, Mid-Day, and PM peak hour 
turning movements at the intersections. 

3. Define the trips generated by the proposed developments. 
4. Distribute the new trips through the study area. 
5. Estimate projected future traffic at the intersections for each phase of development. 
6. Evaluate traffic operations at the subject intersections under: 

�x Existing (2014) conditions 
�x No Build (2035) conditions 
�x Phase I Build (2022) conditions (with development traffic) 
�x Phase II Build (2030) conditions (with development traffic) 
�x Full Build (2035) conditions (with development traffic) 
�x Build conditions with mitigation, if needed. 

 
The traffic analyses and evaluations have been performed using standard traffic engineering 
methodologies in accordance with the 9th edition Institute of Transportation Engineers (ITE) Trip 
Generation Manual.  Data used in the traffic analysis has been collected from field investigations, 
field visits, intersection traffic counts, BOA build-out concept plans, and the MCDOT. 
 
Methodology of Analysis 
 

Level of Service (LOS) analysis is a means of determining the ability of an intersection to 
accommodate traffic volumes.  The analysis is based on intersection street geometry, traffic 
controls and traffic maneuvers.  Geometry of an intersection includes the width of each lane, the 
number of lanes for each movement (generally for left, through and right movements), and if the 
lane is exclusive to one movement or shared by two or more movements.  The analysis produces 
an indication of the Level of Service at which an intersection is functioning or is expected to 
function for future conditions. 
 
The Level of Service procedures are provided in the Highway Capacity Manual (HCM) published 
by the Transportation Research Board, 2010.  Version 8 of Synchro was utilized to determine the 
LOS for the subject intersections using the HCM 2010 methodology.  Synchro (explained in 
greater detail below) implements the methods of the HCM for signalized and unsignalized 
intersection analyses. 
 
Level of Service is defined by letter characters that range from A to F, with A representing the 
best traffic operating conditions that have little or no delay and F characterizing the worst 
conditions that have significant delay.  For signalized intersections LOS A through D are usually 
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considered acceptable and LOS E is usually considered representative of conditions where 
improvements are needed, unless only one lane of an approach is LOS E and the approach is 
LOS D or better overall.  LOS F operating conditions are typically unacceptable, and 
improvements are needed in the form of traffic control, geometric changes or a combination of 
both.  For unsignalized intersections LOS A through LOS E are usually considered acceptable. 
 
Levels of service for intersections are identified by the average control delay experienced by 
vehicles in seconds/vehicle.  LOS for signalized intersections is determined for each traffic 
movement and the total intersection.  Full definitions of levels of service for signalized 
intersections are included in Appendix B.  Table 1 shows the range of delay defining LOS for 
signalized intersections. 
 
Table 1.  Level of Service Ranges for Signalized Intersections 
 

LOS CONTROL DELAY PER VEHICLE (sec) 

A Less than or equal to 10.0 

B Greater than 10.0 to no more than 20.0 

C Greater than 20.0 to no more than 35.0 

D Greater than 35.0 to no more than 55.0 

E Greater than 55.0 to no more than 80.0 

F Greater than 80.0 

 
The software program Synchro, developed by Trafficware, was used to analyze traffic under 
existing traffic signal operating conditions and to evaluate future mitigation measures required to 
mitigate traffic congestion under the full build-out condition. 
 
Synchro is a software program utilized in the traffic engineering discipline.  It is recommended by 
the MCDOT and the New York State Department of Transportation (NYSDOT), and considered 
an industry-approved method to assess existing traffic signal operations, determine the optimum 
signal operations for individual intersections and determine the optimum coordination system for 
a series of signals along a corridor. 
 
The program utilizes the existing geometrics, hourly volumes by vehicle type (auto, pedestrians, 
buses, and heavy trucks), signal phasing, timings and offsets between intersections to establish 
the best scenario of coordination to minimize vehicle stops and delays and therefore, vehicle fuel 
consumption.  The process of optimizing signal operations utilizes a vehicle simulation technique 
whereby each vehicle is accounted for as it progresses along the street corridor.  Vehicle travel 
time and stops are recorded and summarized to determine the overall number of stops and delay.  
Various scenarios of signal phasing and timing at each signalized intersection is evaluated.  
Through the series of options of phasing and timing in concert with the offset of signal timing 
between each signal, the optimum signal operation is determined to best serve the road users as 
they progress along the corridor.  Information on the existing traffic signal timing, phasing, and 
coordination was obtained from the MCDOT Synchro models and from field observations. 
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Existing (2014) Traffic Operations 
 
Intersection turn counts were collected at the twelve (12) intersections listed below during Monday 
November 10th, 2014.  Recorded was the number of vehicles making turning maneuvers from 
each intersection approach during peak weekday time periods.  The turning movement counts 
were collected in 15-minute increments to determine peaking characteristics within the peak hours 
to be included in the analysis. The counts were comprehensive, including pedestrians, bikes, and 
classifying vehicles into passenger cars and heavy trucks.  Figure 1 shows the location of the 12 
intersections.  Appendix A contains the Existing Peak Hour Intersection Turning Movements 
Figure for the AM, Mid-Day and PM peaks. 
 
Figure 1.  Location map of study intersections 
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Intersections: 

Plymouth Avenue at Exchange Street at  

- Ford Street - Ford Street  
- Doran Street - Doran Street  
- Columbia Street - Violetta Street  
- Flint Street - Flint Street  
- Magnolia Street - Magnolia Street  
- Jefferson Street   
- Barton Street   
   

The existing traffic operations during the peak hours at the subject intersections range from LOS 
A to D for all traffic movements according to Synchro HCM 2010 analysis except the following 
movements: 

�x The southbound left turn movement at Exchange Street and Ford Street during the 
AM peak, exhibiting LOS F.   The left turn movement LOS is poor due to the amount of 
green time allocated for the volume of traffic and the heavy traffic on other movements 
during the same time period. 

�x The northbound thru/right lane at Exchange Street and Ford Street during the AM 
and PM peak hours, exhibiting LOS E.   The LOS of the shared thru/right lane is poor 
due to the amount of green time allocated for the volume of traffic and the heavy traffic on 
other movements during the same time period.  

 
Overall intersection level of service results are provided in Table 2 and detailed LOS results for 
each intersection lane are contained in Appendix B. 
 
Table 2.  Levels of Service for Existing and No-Build Roadway System 
 

Intersection 2014 Existing 2035 No Build 

 Peak Hour Peak Hour 
 

AM 
Mid-
Day PM AM 

Mid-
Day PM 

Plymouth Avenue at Ford Street A A A A A B 
Plymouth Avenue at Doran Street A A A A A A 
Plymouth Avenue at Columbia Street A A A A A A 
Plymouth Avenue at Flint Street A A A A A A 
Plymouth Avenue at Magnolia Street A A A A A A 
Plymouth Avenue at Jefferson Street B A B B B B 
Plymouth Avenue at Barton Street A A A A A A 
Plymouth Avenue at Bartlett Street A A A A A A 

Exchange Street at Ford Street D C C E C C 
Exchange Street at Doran Street A A A A A A 
Exchange Street at Violetta Street A A A A A A 
Exchange Street at Flint Street A A A A A A 
Exchange Street at Magnolia Street A A A A A A 

 

 = One or more lanes operate at LOS F at intersection 
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Future Traffic Operations 
 
The future traffic analysis includes the 2035 full build-out scenario referred to as “Full Build” and 
the baseline scenario of “No Build” which includes none of the BOA development. Also included 
are the 2022 Phase I build-out and 2030 Phase 2 build-out analyses.  Appendix C contains maps 
of the BOA Vision Plan for each of the three phases of development and tables showing the size 
and type of land uses planned for each BOA site. 
 
To project the 2035 No Build peak hour traffic volumes (background traffic), the existing peak 
hour volumes were increased by 1.0% per year (not compounded) to account for normal traffic 
growth and any development outside the area of study, based on a review of the historic traffic 
volume trends and MCDOT recommendations. 
 
The planned development sites will offer multiple land uses that are expected to “share” a 
percentage of the total base number of vehicle-trips between uses due to the urban setting of the 
development area.  The Internal Trip Capture Estimation Tool from the National Cooperative 
Highway Research Program (NCHRP) Report 684 was used to determine trip sharing credit by 
land use and also the mode split of trips by land use.  This analysis is shown in Appendix D.  A 
base transit trip percentage of 7% was used due to the proximity of the development area to the 
bus route on Plymouth Avenue with stops at Strong Memorial Hospital, the University of 
Rochester, Downtown Rochester and the RTS (Regional Transit Service) Transit Center.  The 
base non-motorized trip percentage was determined for each land use separately as residential 
and retail developments are expected to draw a greater percentage of this mode type relative to 
hotel and light industrial.  The network of sidewalks and pathways interconnect the development 
area with the University of Rochester and Downtown.  Appendix D provides the vehicle-trip credits 
by land use, which were then used in the vehicle trip generation analysis provided in Appendix E. 
 
The vehicle traffic volumes for the Full Build condition were determined by adding the No Build 
traffic to the traffic expected from build-out of all the BOA sites.  This was accomplished by 
analyzing the full build-out plan to estimate the trip generation for each BOA site and assigning 
the trips to the roadway system based on existing and expected travel patterns both inside and 
outside the study area.  Then the trips for each site were superimposed on top of the background 
traffic.  The 9th edition of the Institute of Transportation Engineers (ITE) Trip Generation Manual 
(latest edition - 2012) was used to determine the trip estimate for the BOA sites. Calculations for 
the trip generation can be found in Appendix E. The next step was to assign the trips to the study 
area street network based on the distribution shown in Appendix A, developed using existing and 
expected future traffic patterns for this area of the City, located south of Downtown and west of 
the Genesee River.  
 
2035 No Build 
 
The projected 2035 No Build traffic operations during the peak hours at the subject intersections 
range from LOS A to D for all traffic movements according to Synchro except for the following 
movements: 

�x The southbound left turn movement at Exchange Street and Ford Street during the 
AM peak, exhibiting LOS F.   The LOS of the left turn movement is poor due to the amount 
of green time allocated for the volume of traffic and the heavy traffic on other movements 
during the same time period. 

�x The northbound thru/right lane at Exchange Street and Ford Street during the AM 
and PM peak hours, exhibiting LOS E.  The LOS of the shared thru/right lane is poor 
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due to the amount of green time allocated for the volume of traffic and the heavy traffic on 
other movements during the same time period. 

 
The LOS are very similar to existing conditions and represent conditions expected in 2035 with 
no build-out of the BOA included.  Overall intersection level of service results are provided in 
Table 2 and detailed LOS results for each intersection lane are contained in Appendix B.  
 
 
2022 Phase 1 Build 
 
The Phase 1 Build condition includes the development during the first 7 years and includes 
parcels 1 through 13, as shown in Appendix C. When comparing the LOS to the Existing 
Condition, overall intersection LOS remained the same. The overall LOS is shown in Table 3 and 
Appendix F contains the LOS by lane at the intersections. 
 
 
Table 3.  Phase 1 and Phase 2 Overall Levels of Service 

Intersection 2022 Phase 1 Build 2030 Phase 2 Build 

 Peak Hour Peak Hour 
 

AM 
Mid-
Day PM AM 

Mid-
Day PM 

Plymouth Avenue at Ford Street A A B A A C 
Plymouth Avenue at Doran Street A A A A A A 
Plymouth Avenue at Columbia Street A A A A A A 
Plymouth Avenue at Flint Street A A A A A A 
Plymouth Avenue at Magnolia Street A A A B A B 
Plymouth Avenue at Jefferson Street B A B B B B 
Plymouth Avenue at Barton Street A A A A A A 
Plymouth Avenue at Bartlett Street A A A A A A 

Exchange Street at Ford Street E C D E C F 
Exchange Street at Doran Street A A A A A A 
Exchange Street at Violetta Street A A A A A A 
Exchange Street at Flint Street A A A A A A 
Exchange Street at Magnolia Street A A A A A A 
Flint Street at Proposed New Street A A A A A A 

 

 = One or more lanes are expected to operate at LOS F at intersection 

 
 
2030 Phase 2 Build 
 
The Phase 2 Build condition includes development through year 15 and includes parcels 1 
through 23.  Greater than 50% of the Full Build trips are generated during this phase and therefore 
traffic impacts compared to Phase I are greater as shown in Table 3 and Appendix F.  The 
intersection of Exchange at Ford is expected to degrade from LOS D to LOS E during the AM 
peak hour and from LOS C to LOS F during the PM peak hour.  
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2035 Full Build 
 
The projected 2035 Full Build traffic operations during the peak hours are expected to range from 
LOS A to F, as shown in Table 4 with acceptable intersection service levels except at the 
intersection of Exchange Street and Ford Street.  The existing roadway system with no mitigating 
measures implemented is expected to exhibit overall service levels of E and F for the intersection 
of Exchange Street at Ford Street during the AM and PM peak hours.  The following three 
unsignalized intersections show approaches operating at LOS E, yet LOS E is acceptable for 
unsignalized intersections: 

�x Westbound Ford Street at Plymouth Avenue 
�x Eastbound Columbia Avenue at Plymouth Avenue 
�x Both Barton Street approaches to Plymouth Avenue 

 
 
Table 4.  2035 Full Build Levels of Service  
 

Intersection 2035 Build 

 Peak Hour 
 

AM 
Mid-
Day PM 

Plymouth Avenue at Ford Street A A D 
Plymouth Avenue at Doran Street A A A 
Plymouth Avenue at Columbia Street A A A 
Plymouth Avenue at Flint Street A A A 
Plymouth Avenue at Magnolia Street B A C 
Plymouth Avenue at Jefferson Street B B B 
Plymouth Avenue at Barton Street A A A 
Plymouth Avenue at Bartlett Street A A B 
Exchange Street at Ford Street E C F 
Exchange Street at Doran Street A A A 
Exchange Street at Violetta Street A A A 
Exchange Street at Flint Street A A B 
Exchange Street at Magnolia Street A A A 
Flint Street at Proposed New Street A A A 

 

 = One or more lanes are expected to operate at LOS F at intersection 

 
 
2035 Full Build with Mitigation 
 
The Full Build with mitigation alternative consists of the full build-out plan for the BOA with 
mitigation measures as described below to provide reasonable improvements that are expected 
to accommodate the traffic generated as part of this plan.  The overall LOS results are shown in 
Table 5 and detailed LOS results are contained in Appendix G.   
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The build-out plan is an estimate and therefore planning for the next 20 years is not exact down 
to the car, however it is a good estimate following industry standards.  As the analysis of the trip 
generation and trip distribution is somewhat conservative and the results indicate some minor 
congestion, the mitigation measures for Full Build are a good approximation of what will be 
required for construction improvements based on a roadway system service life of 20 years which 
is the typical design for roadways. 
 
Table 5.  2035 Full Build with Mitigation Levels of Service  
 

Intersection 2035 Build 2035 Build with Mitigation 

 Peak Hour Peak Hour 
 

AM 
Mid-
Day PM AM 

Mid-
Day PM 

Exchange Street at Ford Street E C F D C E 
 

 = One or more lanes are expected to operate at LOS F at intersection 

 
 
Mitigation measures included in the Full Build with Mitigation analysis are potential solutions to 
be part of a comprehensive study in the future, as these mitigation measures may have impacts 
outside the study area to the east on Ford Street and Mt. Hope Avenue where the two eastbound 
lanes on the Ford Street Bridge transition to one lane for the heavy right turn to go south on Mt. 
Hope Avenue.  Based on the LOS results the delayed movements at the intersection of Exchange 
Street at Ford Street with the greatest potential for causing rerouted traffic are: the southbound 
left, westbound right and westbound through movements.  This is commuter traffic passing by the 
Vacuum Oil area (background traffic) that may choose to reroute to streets to the east such as 
Mt. Hope Avenue, South Avenue and Clinton Avenue. 
 
The following mitigation measures are recommended solutions for detailed study early in Phase 
II (Vision Plan Years 8-15) to achieve better overall intersection service levels shown in Table 5: 

�x Modify the southbound Exchange Boulevard approach to Ford Street from one left turn 
lane and two through lanes to two left turn lanes and one through lane 

�x Modify Exchange/Ford traffic signal to protected only phasing for the double southbound 
left turn lanes, a change from the existing protected then permissive phasing   

�x Add a northbound right turn lane on the Exchange Street approach to Ford Street 
�x Optimize the phase split times at the intersection of Exchange Street and Ford Street 
�x Prohibit parking in the following locations: 

o Exchange Street between Magnolia Street and Doran Street 
o Magnolia Street between Plymouth Street and Cottage Street 
o Flint Street between Plymouth Street and Exchange Street 



 

Appendix A 

 

 

 

Traffic Figures 

 
�x 2014 Existing 

�x 2035 No Build 

�x Trip Distribution 

�x 2022 Phase 1 Build 

�x 2030 Phase 2 Build 

�x 2035 Full Build 
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Entering Trip Distribution for Site 1
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Exiting Trip Distribution for Site 1
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Entering Trip Distribution for Sites 6,9,19,20,23
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Exiting Trip Distribution for Sites 6,9,19,20,23
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Entering Trip Distribution for Sites 12,13
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Exiting Trip Distribution for Sites 12,13
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Entering Trip Distribution for Site 5
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Exiting Trip Distribution for Site 5
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Entering Trip Distribution for Sites 7,17,18,21
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Exiting Trip Distribution for Sites 7,17,18,21
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Entering Trip Distribution for Sites 11,22,24
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Exiting Trip Distribution for Sites 11,22,24
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Entering Trip Distribution for Sites 15,16,25
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Exiting Trip Distribution for Sites 15,16,25
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Entering Trip Distribution for Sites 3,4
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Exiting Trip Distribution for Sites 3,4
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Entering Trip Distribution for Site 2
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Exiting Trip Distribution for Site 2
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Entering Trip Distribution for Site 14
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Exiting Trip Distribution for Site 14
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PM Existing
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AM Phase l 2022 Build
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LEGEND:
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Level of Service Analysis Results 

 
�x 2014 Existing 

�x 2035 No Build



 

DEFINITION OF LEVEL OF SERVICE FOR  

SIGNALIZED INTERSECTIONS  

Level of service for signalized intersections is defined in terms of delay, which is a measure of driver 
discomfort, frustration, fuel consumption, and lost travel time.  The delay experienced by a motorist is 
made up of a number of factors that relate to control, geometrics, traffic, and incidents.  Total delay is the 
difference between the travel time actually experienced and the reference travel time that would result 
during ideal conditions: in the absence of traffic control, in the absence of geometric delay, in the 
absence of any incidents and when there are no other vehicles on the road.  Only the portion of total 
delay attributed to the control facility is quantified.  This delay is called control delay.  Control delay 
includes initial deceleration delay, queue move-up time, stopped delay, and final acceleration delay. 

Specifically, LOS criteria for traffic signals are stated in terms of the average control delay per vehicle, 
typically for a 15-minute analysis period.  The criteria are given in the following table.  Delay is a complex 
measure and is dependent on a number of variables, including the quality of progression, the cycle 
length, the green ratio, and the v/c ratio for the lane group in question. 

LEVEL OF SERVICE CONTROL DELAY PER VEHICLE (sec) 

A Less than or equal to 10.0 

B Greater than 10.0 to no more than 20.0 

C Greater than 20.0 to no more than 35.0 

D Greater than 35.0 to no more than 55.0 

E Greater than 55.0 to no more than 80.0 

F Greater than 80.0 

 

Level Of Service A    describes operations with very low control delay, up to 10 seconds per vehicle. 
This level of service occurs when progression is extremely favorable and most vehicles arrive during the 
green phase.  Most vehicles do not stop at all.  Short cycle lengths may also contribute to low delay. 

Level Of Service B    describes operations with control delay greater than 10 and up to 20 seconds per 
vehicle.  This level generally occurs with good progression, short cycle lengths, or both.  More vehicles 
stop than with LOS A, causing higher levels of average delay. 

Level Of Service C    describes operations with control delay greater than 20 and up to 35 seconds per 
vehicle.  These higher delays may result form fair progression, longer cycle lengths, or both.  Individual 
cycle failures may begin to appear at this level.  The number of vehicles stopping is significant at this 
level, though many still pass through the intersection without stopping. 






































